Purpose: To clarify which patients need careful neurourological management after abdominal radical hysterectomy (RH) by investigating the effects of adjuvant radiotherapy and reversibility of neurogenic bladder (NB) on the storage function as well as the effects of urethral resistance on the emptying function. Methods: Data from sixty-two patients referred to our NB clinic after RH were retrospectively reviewed. Findings of urodynamic studies performed at 3 (UDS-1) and 12 (UDS-2) months after treatment were compared, and logistic analysis was used to calculate the odds ratio (OR) of the effects of radiotherapy and irreversible NB on decreased bladder capacity and decreased compliance. Irreversible NB was defined as the need for clean intermittent catheterization at the last follow-up. Results: At the median follow-up period of 41 months, 60% of the patients continued to require clean intermittent catheterization. Of patients with irreversible NB and radiotherapy, 80% had decreased bladder capacity and decreased compliance at UDS-2. For decreased bladder capacity and decreased compliance, ORs of adjuvant radiotherapy at UDS-2 were 38.42 (p < 0.001) and 7.46 (p = 0.001), respectively, while ORs of irreversible NB were 1.64 (p = 0.527) and 3.42 (p = 0.062), respectively. Detrusor contraction could be demonstrated in only 15% and 45% at UDS-1 and UDS-2, respectively. However, regardless of improvement in detrusor conHow to cite this paper: Sekido, N., Yoshino, T., Takaoka, E., Waku, N., Tanaka, K., Nishiyama, H., Ochi, H. and Satoh, T. 
Introduction
Infrasacral neurogenic bladder (NB) after abdominal radical hysterectomy (RH) for cervical cancer is a well-recognized condition [1] . However, the diagnostic modalities and time to examination are variable, and there are few reports about lower urinary tract (LUT) management for this condition [1] [2] . The reported incidences of LUT dysfunction are also variable; for example, the incidence of straining to void ranges from 40% to 100%, reduced filling sensation from 30% to 60%, and low compliance bladder (LC) from 20% to 50% [3] . More than 30% of patients suffer from long-lasting NB [3] . Cervical cancer usually affects middle-aged women and can be cured by modern multidisciplinary treatment, which achieves excellent five-year survival rates: 91.8% and 71.5% for Stage I and II disease, respectively [4] . Therefore, it is important that patients with NB after RH be evaluated by precise modalities and receive appropriate LUT management.
The pathophysiological mechanisms of NB after RH are multifactorial and not fully understood [5] . Postoperative NB occurs due to partial or complete disruption of the sympathetic and parasympathetic fibers running through the para-cervix and innervating the LUT [5] . In addition to peripheral nerve injuries, blood flow to the LUT is impaired, and the resulting tissue hypoxia may also have an impact on LUT function [6] . Bladder hypoxia will ultimately lead to low bladder compliance and progressively impair detrusor contractility [6] . Adjuvant radiotherapy can aggravate fibrotic change of the affected bladder and further compromise the bladder compliance and contractility [6] . The International Consultation on Incontinence-Research Society stated that urodynamic screening for the cause of LUT dysfunction is warranted before conservative management is initiated [6] , and that if LUT dysfunction persists after the period of 6 -12 months of conservative management has been completed, a new urodynamic screening should be followed by appropriate treatment [6] .
In Japan, RH has been performing according to the procedure developed by
Okabayashi with modifications such as nerve-sparing RH [7] 254 Open Journal of Urology the bladder with the ureter completely from the lateral side of the cervix and vagina [8] . This means that Okabayashi's method may be classified as a Class IV radical hysterectomy in the classification of Piver's et al. [8] . Surgery plays a dominant role in treatment for cervical cancer due to concern that radiotherapy will cause permanent loss of ovarian function and sexual disturbances due to fibrosis of the vaginal canal [7] [9]. Consequently, in Japan, surgery is performed as the initial therapy for cervical cancer in 91% and 58% of patients with stage I
and II disease, respectively [4] [7] . Nevertheless, of the patients undergoing RH, 19% of patients with Stage I disease and 49% of patients with Stage II disease received adjuvant radiotherapy or chemoradiation [4] . Moreover, the overall incidence of severe urological complications after radiotherapy for gynecological malignancies was comparatively higher in Japan than in the United States and
Europe [10] .
In the present study, to clarify which patients need careful neurourological management after RH, we retrospectively investigated data on LUT management and urodynamic studies (UDS) of patients referred to our NB clinic, with particular emphasis on the effects of adjuvant radiotherapy and reversibility of NB on the storage function as well as the effects of urethral resistance on the emptying function. Our hypotheses were:
1) Adjuvant radiotherapy highlighted LC predominantly in patients with irreversible NB, which reduced bladder capacity.
2) High urethral resistance involved the efficiency of bladder expression.
Materials and Methods
In 2005, based on the experience of spontaneous bladder perforation of three patients after RH with adjuvant radiotherapy as a late complication, the urologists, gynecologists, and nurses of Tsukuba University Hospital agreed that: 1) forceful bladder expression such as straining to void as LUT management for patients after RH was to be avoided [11] ; 2) CIC was to be promptly introduced instead; and 3) after discharge all the patients who needed CIC at discharge were to be managed at the NB clinic of Tsukuba University Hospital. went RH at our institution; therefore, the subjects comprised 58% (69/118) of all RH patients, which means that the remaining 49 patients did not need CIC at discharge and were not referred to the NB clinic.
The LUT management plan of the NB clinic is shown in Figure 1 . Bladder expression to facilitate emptying the bladder is not recommended because it increases bladder pressure, risk of vesicoureteral reflux, and pressure propagation to the kidneys and pelvic floor, potentially resulting in long-term renal and pelvic floor damage [11] . Therefore, CIC should be substituted for bladder expression [11] . Patients were thoroughly instructed about the pathophysiology of NB and the need for LUT management after the first UDS (UDS-1) performed within six months after completion of the treatment for cervical cancer. Because LUT function is usually recovered around 12 months after radical pelvic surgery [6] , the second UDS (UDS-2) was performed at that time. If sufficient detrusor contraction was present or if sufficient detrusor contraction was not demonstrated but a continuous flow pattern was evident on repeat uroflowmetries, CIC was gradually stopped. On the other hand, if detrusor contraction was not demonstrated and an intermittent flow pattern with a poor flow rate was shown on repeated uroflowmetries, CIC was continued.
UDS was conducted according to recommendations of the International Continence Society [12] . A JANUS system (Amco Inc., Tokyo, Japan) was used for UDS. To avoid bladder over-distention, the infusion was stopped if urinary sensation did not appear or was significantly reduced when the infused volume exceeded 500 mL or detrusor pressure exceeded 40 cm H 2 O. Abnormal filling sensation was defined as the lack of at least one sensation of the first sensation of filling (FS), first desire to void (FDV), strong desire to void (SDV), and maximum cystometric capacity (MCC) [13] , or FDV > 300 mL or MCC > 500 mL, which are customarily used at our NB clinic. Bladder compliance < 20 mL/cm H 2 O was defined as LC, while < 10 mL/cm H 2 O was defined as severe LC [2] .
Because detrusor contraction in the emptying phase was approximately 10 cm H 2 O or less and high pressure abdominal straining compensated for detrusor underactivity in most cases, intravesical pressure (Pves) was used in this study.
In addition, the interpretation of perianal surface electromyography findings due to abdominal straining is very difficult so urethral resistance (R, cmH 2 In the present study, patient characteristics, LUT management, and UDS-1 and UDS-2 findings were reviewed. MCC and bladder compliance were compared between RH alone and RH followed by adjuvant radiotherapy, and between reversible and irreversible NB, which was defined as the need for CIC at the last follow-up.
Statistical analysis was performed using JMP8 (SAS Institute Inc.). Data are shown as mean ± SD unless otherwise indicated. Analysis of variance was used for unpaired data, paired t-test for paired data, and Pearson's chi-square test or
Fisher's exact test for contingency tables. Logistic analysis was used for calculating the odds ratio (OR) of radiotherapy and irreversible NB for MCC < 300 mL and LC. Spearman's rank correlation coefficient was used for analyzing the correlation between R and the voiding parameters in UDS-2. P < 0.05 was considered to be statistically significant.
Results

Patient Characteristics
Sixty-nine patients were referred to the NB clinic, but seven patients were lost due to early recurrence or metastasis (4) Table 1 .
Lower Urinary Tract Management
At last follow-up, 25 patients (40%) voluntarily voided without the aid of cathe- 
Urodynamic Findings on Storage Function
UDS findings on the storage phase are shown in Table 2 and Table 3 . Compared with UDS-1, the incidence of abnormal filling sensation in UDS-2 was not significantly decreased, while the incidence of MCC < 300 mL was significantly increased (p = 0.004, Table 2 ). UDS-2 revealed detrusor overactivity (DO) in 10 patients (19.6%), although the presence or absence of DO was not associated with a continuation of CIC (a 60% CIC rate in patients with DO vs. a 62% CIC rate in patients without DO). Bladder compliance was not improved and the incidence of LC or severe LC was not decreased in UDS-2 ( Table 2 ). According to the reversibility of NB, UDS findings in the storage phase did not show any statistical difference (Table 3 ). In terms of lower urinary tract symptoms (LUTS), one and four patients at UDS-1, and five and two patients at UDS-2 complained of stress urinary incontinence and nighttime urinary leakage. The average bladder compliance of these incontinent patients was 12.9 ± 6.3 mL/cm H 2 O and 9.3 ± 5.8 mL/cm H 2 O at UDS-1 and UDS-2, respectively. Of 10 patients with severe LC at UDS-2, eight patients took anticholinergic drugs, including propiverine 40 mg/day by six patients and tolterodine 4 mg/day by two; however, follow-up urodynamic studies showed no remarkable improvement in the storage function (data not shown).
Effects of Adjuvant Radiotherapy and Reversibility of NB on the Storage Function
In terms of the effects of adjuvant radiotherapy on storage function, the patients with radiotherapy had significantly smaller MCC and lower bladder compliance than patients without radiotherapy, and had a significantly higher incidence of MCC < 300 mL, LC, and severe LC than patients without radiotherapy ( 
Urodynamic Findings on Emptying Function
In the emptying phase, only 22% and 50% of patients were able to void during UDS-1 and UDS-2, respectively ( Table 2) . Of these patients, detrusor contraction could be demonstrated in only 15% and 45% at UDS-1 and UDS-2, respectively, which indicated a trend toward improved detrusor contractile function ( , p = 0.335). At UDS-2, 21 of 25 patients (84%) showed high R. As shown in Table 5 , R strongly and negatively correlated with Qmax, average flow rate, and voided volume, but moderately and positively correlated with post-void residual urine volume. According to the reversibility of NB, UDS findings in the emptying phase did not show any statistical difference in most of the parameters, except Pves at Qmax and R at UDS-1 (Table 3) . Voiding LUTS could not be evaluated because almost all patients performed CIC at UDS-1 and UDS-2.
Discussion
RH sometimes causes infrasacral NB, which often requires CIC transiently or permanently. In the present study, 37 (60%) of the patients who were referred to the NB clinic continued CIC at the median follow-up of 41.3 months, which was defined as irreversible NB. These patients are probably more prone to develop urological complications secondary to severe infrasacral NB due to extensive peripheral nerve damage; however, as shown in Table 3 , most of the UDS parameters did not reveal statistically or clinically significant differences between reversible NB and irreversible NB. Consequently, it seems that UDS findings as a Spearman's rank correlation coefficient was used for analyzing the correlation between urethral resistance and the voiding parameters in UDS-2.
whole did not adequately identify patients who need careful neurourological management. Because it was reported that the overall incidence of severe urological complications after radiotherapy for gynecological malignancies was comparatively higher in Japan than in the United States and Europe [10] , it is conceivable that we should take into consideration not only the reversibility of NB after RH, but also the effects of adjuvant radiotherapy.
Although much attention is paid to emptying dysfunction caused by detrusor underactivity or acontractile detrusor after RH, the present study showed that significant storage dysfunctions were present despite prompt initiation of CIC, especially in patients undergoing adjuvant radiotherapy. High pressure storage dysfunction represented by LC has significant adverse effects on the upper and lower urinary tract [16] . In the present study, LC occurred six times more frequently in the patients with adjuvant radiotherapy than those without radiotherapy. There have been several reports of an association between storage dysfunction and radiotherapy. At six months after RH, bladder compliance in the RH alone group had increased four times or more compared with that on postoperative day 10 (22.3 to 87.6 mL/cm H 2 O), but it increased only 2.5 times in the RH with adjuvant radiotherapy group (13.3 to 38.1 mL/cm H 2 O) [17] . At about seven years, LC was revealed by UDS in 24% and 60% of the RH alone and RH with radiotherapy groups, respectively [18] . Chuang et al. pointed out that the mean interval between RH and the first visit for urological management of NB was significantly shorter in the RH with radiotherapy group (5.9 years) than the RH alone group (11.3 years) [2] . Moreover, the present study showed that radiotherapy highlighted LC, predominantly in patients with irreversible NB (Figure 2) , and for LC, the estimated OR of radiotherapy together with irreversible NB was 25.51 In the present study, UDS revealed high urethral resistance without temporal improvement, regardless of the detrusor contractile status on UDS-2. This means that more hydraulic energy produced by an increase in intravesical pressure is lost through the urethra, which is assumed to be a rigid tube, in patients undergoing RH than in normal subjects [15] . In the present study, R negatively correlated with urinary flow rate and voided volume, but positively correlated with post-void residual urine volume. That was why the efficiency of bladder expression is too low for the patients to stop CIC. Impaired urethral relaxation would be a major cause of high R after RH. In infrasacral NB, the postganglionic adrenergic system, which is free from regulation by the parasympathetic post-ganglionic neurons due to parasympathetic denervation, is responsible for the urethral denervation supersensitivity to noradrenalin [20] . Damage to the inferior hypogastric plexus may also result in increased resistance at the bladder neck, although the precise mechanisms are not clear [3] . Taken together, impaired urethral relaxation, as well as impaired detrusor contractility, profoundly involves emptying dysfunction after RH. Therefore, as recommended by the International Consultation on Incontinence [11] , the efficiency of bladder expression should be urodynamically evaluated before this method is selected for LUT management, even in the patients in whom nerve-sparing was attempted. In addition, R might be used for evaluating the efficiency of bladder expression.
There are several limitations to the present study. This study was a retrospec- 
Conclusion
In conclusion, adjuvant radiotherapy highlighted LC in patients with irreversible NB that was defined as the need for CIC at the last follow-up. The impaired urethral relaxation, as well as impaired detrusor contractility, profoundly affects the emptying dysfunction after RH. Therefore, careful long-term neurourological follow-up is mandatory for patients with irreversible NB after adjuvant radiotherapy and for patients who have impaired urethral relaxation because long-term survival can be expected after RH. Moreover, inefficient bladder expression should be avoided to prevent the progression of storage dysfunction, and CIC is recommended to accomplish low pressure, residual-free voiding, especially in patients who received adjuvant radiotherapy with irreversible NB.
